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Abstract: Cosmetics and quasi-drugs will play increasingly important /9* 
roles in our aging and stressful society. We have proposed 3 clinical 
approaches, anti-drying, anti-UV radiation and anti-oxidation to prevent 
skin disorders and aging. In this paper the importance of ant i -oxidation 
mechanisms in particular are discussed. We have discovered that sebum 
oxidation, which is the starting point of skin oxidation, is triggered 
by oxidation of squalene. Further research on antioxidant effects of 
natural ingredients revealed that thiotaurine is effect ive in prevent ing 
squalene oxidation, which leads to the prevention of further propagation 
of oxidation in the skin. Thiotaurine is known to be compounds involved 
the metabolism of sulfur-containing amino acids in mammals. We have 
clarified that thiotaurine in skin care products prevents sebum 
oxidation and consequently prevents skin troubles and skin aging. 
Keywords: thiotaurine, antioxidant, lipid peroxidation, sebum, singlet 
oxygen 

1. Introduction: 

Since 1989, Shiseido has been engaged in research and development 
work related to the theme "Successful aging, for living many beautiful 
years." This has been the backbone of the business culture. In our 
research and development department also, we intend to realize 
"successful aging" by making the products developed in our department 
available to consumers . 

Skin, which is the human body f s largest organ, is located at the 
boundary region which separates the living body from the outside world, 

*Numbers in the margin indicate pagination in the foreign 

text . 
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and is exposed to constant irritation and stress. As this exposure is 
repeated over many years, damage is accumulated in the skin, even though 
each individual damage may be small. Therefore, human skin is known as 
the organ where "age signs" easily appear, and its change with age has 
been concerning. Since skin is such a sensitive organ, proper skin-care 
is important in order to realize "successful aging." 

As stresses from the outside environment causing skin disorders 
(e.g., rough skin, dry skin, pimples, rash and the like) and skin ageing 
(wrinkles, liver spots, freckles, dark spots, lowering of skin softness, 
slackness, lowering of immunological functions and the like), "drying," 
"ultraviolet ray exposure, " and "oxidation" can be considered. The 
author, et al . have been emphasizing the importance of "defense against 
drying, " "defense against ultraviolet rays" and "defense against 
oxidation" as the defense strategy from the viewpoint of skin-care 
needed to cope with skin disorder and skin aging (see Figure 1) . 
Furthermore, it has been known that these three stresses are closely 
related. Ultraviolet rays are the factors contributing most to 
oxidation, and ultraviolet rays cause skin dryness. Furthermore, /10 
oxidation causes skin dryness, and dried skin is easily oxidized. 
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Figure 1 
[Key:] 

Skin disorders and aging and their causes 

A... Skin disorders and aging; B .pathogens; C. . .meals; D... stress; 
E. . .exercise, sports; F. . .External environmental factors; G. . .oxidation 
H. . .ultraviolet rays; I... drying 

In this paper, attention is paid to the "defense against 
oxidation, 11 and examples of desired material development are introduced. 
Considering the "defense against oxidation' 1 from the aspect of cosmetics 
compounding, an "antioxidant" is added only for the purpose of 
stabilizing those materials to be added to the cosmetics. Although it is 
obvious that it is important, from the viewpoint of the quality 
assurance and safety of cosmetics, to secure oxidation stability of the 
medicines and oils which are the constituents of cosmetics, materials 
which are clearly aimed as oxidation prevention in skin constituents are 
not developed thus far. The author, et al . , in order to develop such 
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materials, have investigated the mechanism of oxidation of skin 
constituent lipids, and investigated the effects of peroxidation 
reaction on living body skin. Furthermore, the author, et al. also 
investigated the meaning of prevention against "skin oxidation" by 
cosmetics [1, 2] . In this report, the usability and function of "sebum 
antioxidant=thiotaurine, " which was added to "ERIKSEAL 
[transliteration] , " which was made commercially available in September 
1998 for the purpose of maintaining healthy skin, are summarized. 
2. Oxidation in skin: 

In general, as new methodology is developed, progress is made in 
understanding of phenomena occurring in the natural world that is not 
clearly understood. By using the methodology, constituents which are 
effective in coping with the phenomenon can be found, which leads to 
development of new constituents and new products. 
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Figure 2 
Oxidized sebum 

(April, sunny weather, exposed to sun light for 3 0 minutes) 
[Key:] 

A. ..squalene hydroperoxide 

B . . . squalene 
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Additionally, with thiotaurine, the CL-HPLC system [3, 4], which is 
a new methodology, has largely contributed to its development. Figure 2 
shows a chromatogram with which a series of research activities 
conducted by the author and his associates were initiated. This 
chromatogram shows the results of a CL-HPLC analysis of sebum, which was 
collected from skin that was exposed to the sun light. The fully 
swinging chart gave a hint for development of new cosmetic materials 
which were not catagorized thus far. Thereafter, it was also reported 
[5-7] that in skin oxidation, squalene in sebum was oxidized first; 
squalene hydroperoxide was identified by spectrum analysis; and that the 
CL-HPLC system had detection sensitivity reaching to the order of 
f mol . It was also reported that lipid peroxidation reaction at skin 
surface increased as the dosage of ultraviolet ray radiation on human 
increased (see Figure 3) ; and that, through the observation of the 
dependency of lipid peroxidation reactions at the human skin surface on 
age difference, the degree of peroxidation was higher in early 
childhood, during which the protective system is not fully developed, 
and at old age, during which the protective system is deteriorating (see 
Figure 4). In addition, the author, et al. also found that squalene 
hydroperoxide, which is always formed on the human skin surface by 
various kinds of oxidation stresses in general living environmental 
conditions, had cytotoxicity. Through an investigation using a skin 
restructuring system, which closely resembles the actual skin, it was 
found that fibroblast and Keratinocyte inside the skin were damaged by 
the oxidation propagation reaction of radicals generated from squalene 
hydroperoxide. In other words, the oxidation of sebum is the beginning 



of oxidation in skin. It can be considered [8] that it is not only the 
phenomenon occurring simply on the skin, but also adversely affects the 
inside part of the skin. 




Figure 3 

Lipid peroxidation reaction in human skin surface 
(Effect of dosage of ultraviolet ray irradiation) 

[Key:] 

A. . .Squalene conversion ratio (%) ; B... Dosage of ultraviolet ray 
irradiat ion ( J/ cm 2 ) 




Figure 4 

Lipid peroxidation reaction of human skin surface 
(Effect of age) 

[Key:] 

A... Squalene conversion ratio (%) ; B...Age 
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TABLE 1 

Singlet oxygen reaction rate constant (1c,) of lipids 



qt: Qx £q a 


1 C-^-xV- £> 


— 3» ma a "ScX C 


KQ [M l S l j 


n 3c W \* 


1 7 wUrl 


1 


1.7 x 10* 




CI7H3.1COOH 


2 


4.2 X 10 4 


F 'J > 


CitHzsCOOH 


3 


3.0 x i0 4 




Ci9H3iCOOH 


4 


10.0 xio 4 




CuFbiCOOH 


6 


i5.0x 10 4 




OoHso 


6 


56.2 xiO 5 




C27BttO 


I 


6.7 x 10 4 



[Key:] 

A. . .Lipids; B. . .Chemical formula; C. . .Number of double bonds; D. . .oleic 
acid; E...linoleic acid; F. . . linolenic acid; G. . .arachidonic acid; 
H. . . docosahexaenic acid; I. . .squalene; J. . .cholesterol 



3. Physicochemical understanding of oxidation reactions in skin: 

Physicochemical observation was made of the phenomenon explained in 
the previous section [9] . Measurement of the reaction rate constant 
between lipids existing in skin and singlet oxygen indicated that 
squalene was reactive with singlet oxygen (see Table 1) . Although 
singlet oxygen may also be generated in healthy human skin under 
general living environmental conditions, squalene can be the initial 
oxidation target at the human skin surface for the reasons described 
above. This fact provides a scientific basis which strongly hints that 
it is the active oxygen type in which singlet oxygen is the key element 
at skin surface. In other words, in order to design cosmetics for coping 
with skin oxidation, first of all, it can be considered necessary to 
cope with singlet oxygen. Furthermore, as a measurable parameter, it 
is useful to monitor the degree of peroxidation of sebum. 

4. Development of the sebum antioxidant "thio taurine " : 

In order to prevent oxidation of the skin and to maintain healthy 
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skin, it is important to prevent sebum oxidation which is the first step 
of oxidation in skin. Specifically, materials having high singlet oxygen 
eliminating activity should be applied to the skin. In addition, it is 
necessary that the materials be not only superior in singlet oxygen 
eliminating activity, but also safe, easily compoundable, stably 
compoundable, and safe as commercial products. In other words, for the 
design and selection of cosmetics materials advocating antioxidation of 
skin constituents, it is important that they be totally balanced as 
cosmetics materials. 

Based on the viewpoint described above, candidate materials were 
screened. We selected these materials from living body constituents. In 
order to maintain the balance of living body skin, it was planned to 
supply thiol compounds, which easily fluctuate by receiving oxidation 
stress, and to reinforce and restructure a living body defense system 
[10] . The thiotaurine selected by the author, et al . , is also a material 
existing in sulfur-containing amino acid metabolic process in mammals 
(see Figure 5) . Since these compounds exist in relatively large 
quantities in the eyes and generative organs, which are considered to be 
exposed to outside oxidation stress or to be consuming a large quantity 
of energy, there are reports discussing the theory that thiotaurine and 
hypotaurine exist in the metabolic process. 
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NH2 NH2 O 

HOOC-CHCH2-S-S-CH2CH-COOH ♦HS-S-CHatH-COOH »Hs4w3fcCHzNH2 



NH2 



Glutathione 



Cystine 




t 



CoA 



HS-CH2CH2NH2 

Cysteamine 



- CH2-SH 
HCNH2 
COOH 

Cysteine 



Thiocysteine 



CH3-C-COOH -k 1VH3 -r- H2S 
O pyruvic acid 



Thio taurine 



NH2 



HS-CH2-C-COOH 
p -iMcrcaptopyruvic acid 



HO-S-CH2CH2NH2 HO-5-CH2(^-COOH 



6 H 



ypo taurine 



x 



Cysteinesulfmic acid ^ HG-S-CH2-C-COOH 



S -r Pyruvic acid 



S03 + Pyruvic acid 



o 



HO-S-CH2CH2NH2 

Taurine 



0 NH2 
HO-S-CH2CH-COOH 
O Cysteic acid 



/? -Suifinylpyruvic acid 



Figure 5 

Metabolism of sulfur-containing amino acid 

(A. White, P. Handler, E.L. Smith; Principles of Biochemistry) 
5. Moisture retaining properties of thiotaurine: 

In a broad sense, thiotaurine is a kind of amino acid, and could 
have a potential moisture retaining effect. The author, et al., verified 
the moisture-retaining effect on human skin as well as its durability 
(see Figure 6) . It was confirmed that its moisture -retaining effect was 
not inferior compared to that of a typical moisture -retaining agent 
which is already in use. It was mentioned earlier that drying and 
oxidation are related. In order to maintain healthy skin, it is expected 
that a "defense against drying" and a "defense against oxidation" 
function synergistically . 
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6. Antioxidation properties of thiotaurine: 

The rate constant of the singlet oxygen reaction of thiotaurine was 
measured, and the result is shown in Table 2. Thiotaurine had higher 
singlet oxygen eliminating activity compared to a typical antioxidant 
which is also used in cosmetics. By considering the number of mols of 
squalene on human skin calculated from the sebum secretion quantity, and 
the number of mols of thiotaurine to be applied to skin as cosmetics, 
and also from the rates of reaction between singlet oxygen and squalene, 
and between singlet oxygen and thiotaurine respectively, how far the 
peroxidation reaction which occurs on the human skin surface can be 
prevented can be calculated. Since, physicochemically , the singlet 
oxygen eliminating activity of thiotaurine was more than sufficiently 
satisfactory, thiotaurine-containing cream was prepared, and was applied 
to the human skin surface to confirm its effect. In detail, the site 
where a cream containing a prescribed amount of thiotaurine was applied, 
the site where a cream containing no thiotaurine (other compositions 
were unchanged) was applied, and the site where no cream was applied 
were respectively set, and were radiated with ultraviolet rays. In 
addition, sebum samples were collected from the respective sites and 
were subjected to CL-HPLC analysis to obtain the proportions of 
peroxidized squalene. The result is shown in Figure 7. Compared to the 
blank site where no cream was applied and the placebo cream application 
site where a cream containing no thiotaurine was applied, sebum at the 
site where a cream containing thiotaurine was applied was statistically 
significantly prevented from oxidation. It was also confirmed that its 
effect depended on the compounding concentration of thiotaurine. 
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Figure 6 

Comparison of moisture retaining effects of thiotaurine and glycerine 

(n=9) 

[Key:] 

A. . .Conductance ratio (after application/before application) ; 

B. . .Measurement time (min.) ; C. . .thiotaurine 0.05%; D. . .glycerine 0.05%; 
E ... thiotaurine 1%; F ... glycerine 1%; G ... ion -exchanged water 




Figure 7 

Human sebum oxidation prevention effect of thiotaurine THT: thiotaurine 
[Key:] 

A. . .Squalene conversion ratio (relative values) ; B. . .blank; C. . .placebo 
cream; D. . .THT 0.01% cream; E. . .THT 0.03% cream 
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TABLE 2 

Singlet oxygen reaction rate constant (k q ) of antioxidant 



Antioxidants 


k<j [M'V 1 ] 


thiotaurine 


2.45 x-J.0 7 


hypotaurine _ _ 


6.97 x 10 6 _ 


BHT 


4.91 x 10 6 


d-a-tocopherol acetate 


1.60 x 10 6 - 


ascorbic acid _ _ 


8.-50 x 10 6 


squalene 


5.62 x 10 6 



7. Stability of thiotaurine: 

The stability of the thiotaurine that was mixed in cosmetics was 
also investigated. The result is shown in Figure 8. It was confirmed 
that thiotaurine was relatively stable against heat (50°C) or light 
(i.e., exposure to sun light). It is considered significantly unique 
among the compounds having an antioxidation effect. Furthermore, even /14 
if it were oxidized and changed, the product is characterized by the 
fact that its main constituent is hypotaurine or taurine, which are 
already being approved as raw materials for cosmetics (i.e., its safety 
is assured) . It also shows that, as a cosmetics material, thiotaurine is 
an antioxidant having an excellent total balance. 
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TABLE 2 

Singlet oxygen reaction rate constant (k q ) of antioxidant 



Antioxidants 


k Q [M-V 1 ] 


thiotaurine 


2.45 X 10 7 


hypotaurine 


6.97 x 10 6 


BHT 


4.91 x 10 6 


d-a-tocopherol acetate 


1.60 x 10 6 


ascorbic acid 


8.30 x 10 6 


squalene 


5.62 x 10 6 



7. Stability of thiotaurine: 

The stability of the thiotaurine that was mixed in cosmetics was 
also investigated. The result is shown in Figure 8. It was confirmed 
that thiotaurine was relatively stable against heat (50°C) or light 
(i.e., exposure to sun light). It is considered significantly unique 
among the compounds having an antioxidation effect. Furthermore, even 
if it were oxidized and changed, the product is characterized by the 
fact that its main constituent is hypotaurine or taurine, which are 
already being approved as raw materials for cosmetics (i.e., its safety 
is assured) . It also shows that, as a cosmetics material, thiotaurine is 
an antioxidant having an excellent total balance. 
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Figure 8 

Stability of thiotaurine (pH=6.0) 
[Key:] 

A. . .Stability (%) ; B. . .Stability (%) ; C. . .before placement; D. . .one 
month later; E. . .before irradiation; F. . .one month later; G. . .sun light 
irradiation; H. . .thiotaurine; I. . . hypotaurine ; J. . .taurine 

8. Conclusion: 

The author, et al., developed sebum antioxidant=thiotaurine as a 
cosmetics material. The effect of thiotaurine was verified on humans, 
and it was confirmed that its safety and stability are excellent. In 
other words, thiotaurine was excellent, as a whole, as an antioxidant 
for cosmetics. Physiologically speaking, the application of cosmetics in 
which thiotaurine is mixed is to prevent the first stage of skin 
oxidation; that is, to prevent oxidation of sebum, which can be said to 
be the first sign of aging in human beings. The author, et al . , believe 
that it is important to age beautifully, and it is an important means 
for skin care with which "successful aging" can be realized. 
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Abstract : Cosmetics and quasi-drugs will play increasingly important roles in our 
aging and stressful society. We have proposed 3 clinical approaches, anti-drying, 
anti-UV radiation and anti-oxidation to prevent skin disorders and aging.. In this 
paper' the importance of anti-oxidation mechanisms in particular are discussed. We 
have discovered that sebum oxidation, which is the starting point of skin oxida- 
tion, is triggered by oxidation of squalene. Further research on antioxidant effects 
of natural ingredients revealed that thiotaurine is effective in preventing squalene 
oxidation, which leads to the prevention of further propagation of oxidation in the 
skin. Thiotaurine is known to be compounds involved the metabolism of sulfur 
containing amino acids in mammals. We have clarified that thiotaurine in skin 
care products prevents sebum oxidation and consequently prevents skin troubles 
and skin aging. . 

Key words : thiotaurine, antioxidant, lipid peroxidation, sebum, singlet oxygen 
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BHT 


4.91 X 10* 




1.60 X 10 s 




8.30X10 6 


X^7^> 


5.62 XiO 6 



tfc , ^i:ti*L o tz Ufa % ft £ H£ it 

JKIB £ JSJJl L T ClrHPLC flvtfr 

K ^ L 7t o L T * v> ? > > ffitifc , 

7. 'J 

7 'J >f±j& (50t:) ..4fcUtjfe (±R§:fcH§ 



0.15 




THTO.03% 
* 'J -A 



* ;p<0.01 
** ;p<0.005 
*** ;p<0.0001 

(Mean ± SE) 
(n=45) 



m 7 



TUT •> V > 
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•01 06/04 13:30 



12)008/009 



50°C 




El 8 +*9*)V XD^feft (pH=6.0) 



or s ax-c v » * -f =0r t> *>*<n&&tei>mWE. Ztir^ 
8. *t«> 
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